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BACKGROUND 



1. Field 

The applicant's disclosure relates generally to disk 
drives and more particularly to an improved method and 
apparatus for servo track writing disks used in a hard disk 
drive assembly. 

2 . Description of the Related Art 

Disk drives are magnetic recording devices used for the 
storage of information. The information is recorded on 
concentric tracks on either surface of one or more magnetic 
recording disks. The disks are rotatably mounted to a spin 
motor and information is accessed by means of read/write heads 
that are mounted to actuator arms which are rotated by a voice 
coil motor. The voice coil motor is excited with a current to 
rotate the actuator and move the heads. The read/write heads 
must be accurately aligned with the storage tracks on the disk 
to ensure proper reading and writing of information. 

There are two general types of servo systems whereby the 
actuator is controlled utilizing servo information which has 
been recorded on one or more of the disks in the hard disk 
drive. The first such servo system is generally referred to 
as a dedicated servo system. With this servo system one disk 
surface is devoted to containing' servo information. One of 
the read/write heads is then used to read the dedicated servo 
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disk and to provide position information such that the 
positions of the other read/write heads in the hard disk 
assembly may be obtained. A second type of servo system is 
commonly known as an embedded sector servo system. With this 
5 servo system, rather than using a single disk surface to 

contain servo information, the servo information is stored in 
specific sectors across several or all of the disks in the 
hard disk drive assembly. Moreover, the servo information may 
be recorded either prior to assembly of the hard disk drive, 
Z 10 or after assembly. 

f? In either case, the servo information must be recorded, 

.Hi 

M or servo written, onto the disk surface using a highly precise 

W encoding system. The current method for servo writing 

fA utilizes a mechanical pushpin. With this system, a mechanical 

h 15 pushpin is attached to a master actuator arm at one end and 
n extends into the hard drive through an access slot on the 

other end. The master actuator arm is controlled using a 

positioner in a closed loop with a highly accurate encoder. 

In addition, a clock head is directed to write a clock track 
20 onto a disk to serve as a timing reference during the servo 

writing process. 

This process suffers from problems associated with non- 
repetitive run-out ("NRRO"), disk flutter and motor rocking, 
all of which serves to degrade the accuracy of the position 
25 information written during the servo writing process. 
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Moreover, the use of a positioner /encoder greatly increases 
the expense associated with the servo writing process. 

A second method of servo writing that has been used is 
the traditional offline servo track writing method. With this 
5 method, each disk is servo written using an offline servo 
track writer before being installed into a hard disk drive 
assembly. While this method has the benefit of increased 
accuracy due to the fact that it does not use a pushpin, such 
traditional systems are still dependent on the use of a 
O 10 positioner and precision encoder, thereby dramatically 
0 increasing the expense associated with the use of this method. 



Another issue with traditional offline track writing is 
the error introduced by the bearing assembly of the spindle 
motor used to rotate the disk during the writing process. 
U 15 Traditional ball bearing assemblies suffer from mechanical 
hf drawbacks, such as excessive wear and run out. Increasing the 

data density of a disk can be limited by NRRO. The spindle 
bearing is the primary contributor to increasing NRRO. 
Moreover, improved NRRO improves seek time and ability to 
20 track follow for a servo writer. To alleviate these problems, 
air-bearing spindles have been used for traditional offline 
track writing purposes. Air-bearing spindles are able to 
reduce NRRO by reducing the amount of surface-to-surface 
contact in the spindle. However, air-bearing spindles 
25 dramatically increase the expense of using an offline servo 
writing system. 
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Therefore, there is a need in the art for an improved 
method and apparatus for servo writing that does not suffer 
from these drawbacks . 
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BRIEF SUMMARY 

A method and apparatus for servo track writing is 
disclosed. In one embodiment, the method comprises coupling a 
reference disk and a copy disk to a spindle motor of a servo 
5 track writer, and reading the reference disk with a read head 
of the servo track writer where the reference disk includes a 
plurality of tracks containing servo information. The method 
further comprises writing the servo information onto a copy 
disk using a write head of the servo track writer before the 
q 10 copy disk is incorporated into a hard disk drive assembly. In 
m one embodiment, the reference disk and the disk are rotated 

t\ using a fluid dynamic bearing spindle. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a cross-section of an offline servo track 
writer, according to one embodiment. 

Figure 2 is another embodiment of a cross-section of an 
offline servo track writer. 

Figure 3 is a schematic of an offline servo track writer, 
according to one embodiment . 

Figure 4 is another schematic of an offline servo track 
writer, according to one embodiment. 

Figure 5 is another embodiment of an offline servo track 
writer. 

Figure 6 is a flow chart of one embodiment for producing 
a servo-copy disk. 

Figure 7 illustrates a hard disk drive that makes use of 
a servo-copy disk, according to one embodiment. 
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DETAILED DESCRIPTION 



The applicant discloses a method and apparatus for 
writing servo information on disks for use in a hard disk 
drive assembly. In one embodiment, servo information is pre- 
written onto a disk using an offline servo track writer which 
employs a fluid dynamic bearing spindle ("FDB spindle 7 ') to 
rotate the disk(s) during read/write operations. 

Another aspect of the applicant's disclosure relates to 
pre-writing a disk with servo information before the disk is 
incorporated into the disk stack of a hard disk drive. 
According to one embodiment, servo information is written onto 
a disk by track following on a reference disk using an offline 
servo track writer. 

Referring first to Figure 1, a servo track writer 100, 
according to one embodiment, is depicted. The servo track 
writer 100 includes an actuator 105 which functions to 
position the read/write heads 110 over desired locations on 
servo-copy disks 120 and reference disk 125. The actuator 105 
may have one or more actuator arms 112 connected to the 
read/write heads 110. Moreover, the actuator 105 may be 
connected to a voice coil motor ("VCM") (not shown) which 
generates a torque when supplied with a current. This torque 
may then rotate the actuator arms 112 connected to the 
actuator and move the read/write heads 110 across the surface 
of the servo-copy disks 120 and reference disk 125. 
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The read/write heads 110 can write and read information 
on a rotating disk by magnetizing and sensing the magnetic 
field of a disk surface. Moreover, a read transducer of the 
read/write heads 110 may be constructed from a magneto- 
resistive (MR) material^ 

The actuator 105 may be mounted to a slide-motion 
mechanism 130 to facilitate the insertion and extraction of 
the chuck 115, the servo-copy disks 120, and the reference 
disk 125. In particular, the slide-motion mechanism 130, 
which is secured to a fixed surface 140, functions to move the 
actuator in the direction of the chuck 115, thereby bringing 
the read/write heads 110 within the vicinity of the servo-copy 
disks. It should be appreciated that the slide-motion 
mechanism 130 may move the actuator in other directions as 
well. As depicted in Figures 1 and 2, the chuck 115 is a four- 
disk self-centering chuck. However, it is to be understood 
that the chuck 115 may be made to hold some other number of 
disks . 

The servo-copy disks 12 0, in one embodiment, have 
radially concentric tracks. In one embodiment, data is to be 
stored within subdivisions of these tracks known as sectors. 
One of the steps in preparing a disk to have data written to 
these sectors is to encode the disk with servo information. 
As mentioned above, this servo information is used by the 
servo system to accurately position the read/write heads 
during read/write operations. To this end, the servo track 
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writer 100 is used to record servo information to the servo- 
copy disks 120, according to one embodiment. As described in 
more detail below, servo information on the reference disk 125 
may be copied by a track following method to the servo-copy 
5 disks 12 0. 

The reference disk 125 contains pre-written servo 
information, according to one embodiment. While in one 
embodiment the servo information on the reference disk 125 is 
consistent with a dedicated servo system, in another 
10 embodiment the reference disk 125 contains servo information 
consistent with an embedded sector servo system. In either 
case, the servo information on the reference disk 125 may be 
servo written to the reference disk 125 using a traditional 
offline servo track writer, or may be comprised of a phase 
15 modulated servo pattern which is encoded onto the reference 
disk 125. U.S. Patent no. 4,549,232, which is hereby 
incorporated by reference, discloses one such method for 
encoding and using such a phase modulated servo pattern. It 
should further be appreciated that other commonly known 
20 methods of encoding the reference disk 125 with servo 
information may be used. 

The FDB spindle 135 is used to rotate the chuck 115 
during read/write operations on the servo-copy disks 12 0 and 
reference disk 125. As mentioned above, an FDB spindle 135 is 
25 used instead of a ball bearing or air-bearing spindle, 

according to one embodiment. The film of lubricant in the FDB 
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spindle 135 provides viscous damping thereby reducing NRRO 
below that seen with ball bearing assemblies and comparable to 
NRRO levels experienced with air-bearing spindles. Moreover, 
using an FDB spindle reduces the cost associated with offline 
servo track writing since FDB spindles typically cost a 
fraction of what air-bearing spindles cost. While in one 
embodiment the fluid used in the FDB spindle 135 is oil, it 
should appreciated that other fluids may be used. 

It should further be noted that Figure 1 depicts the 
offline servo track writer 100 with the chuck 115 not inserted 
onto the FDB spindle 135 and with the actuator 105 out of 
read/write position. In contrast, Figure 2 depicts the 
offline servo track writer 100 of Figure 1, with the chuck 115 
inserted onto the FDB spindle 135 and with the actuator 105 in 
position to read/write. Moreover, as shown in Figure 2 the 
surface 140 may be further attached to a granite table 145 to 
improve accuracy during read/write operations. In another 
embodiment, the slide-motion mechanism 130 is attached 
directly to the granite table 145. 

Referring now to Figure 3, an organization diagram of the 
offline servo track writer 100 is depicted. A user interface 
15 0 is in communication with a controller 155 of the servo 
track writer 100. The user interface 150 may include buffer 
memory and control circuitry which allows the servo track 
writer 100 to interface with a system such as a personal 
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computer. Circuitry details of the controller 155 will be 
further described below. 

The controller 155 is connected to the actuator 105 and 
the FDB spindle 135, according to one embodiment. In another 
5 embodiment, the controller 155 is connected to the slide- 
motion mechanism 130 and is capable of moving the slide-motion 
mechanism 130 and the attached actuator 105 in and out of 
read/write position. 

The controller 155 may direct the VCM of the actuator 
10 such that the read/write heads 110 attached to the actuator 

5 arms are rotated to a desired position. The controller 155 

ill 

;1 may further direct the FDB spindle 135, to which the chuck 115 

% 4 

W is attached, to spin at desired times and/or intervals. While 

s 

Figures 1 and 2 depict the chuck as having three servo-copy 
Q 15 disks 120, the chuck 115 may contain a different number of 
O servo-copy disk 120. Moreover, the chuck 115 should also 

contain at least one reference disk 12 5, but may contain more. 

Each servo-copy disk 120 and reference disk 125 has an 
associated read/write head 110 capable of reading and writing 
20 from the particular disk's surface. As mentioned earlier, the 
read/write heads 110 will typically be connected to actuator 
arms 112 of the actuator 105. 

Referring now to Figure 4, a schematic block diagram of 
the offline servo track writer 100 is depicted. The 
25 controller 155 may include, for example, a digital signal 
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processor (DSP) or other microprocessor-based device. The 
controller 155 may be coupled to the read/write heads 110 by a 
read/write channel circuit 170 and a pre-amplif ier 185. The 
controller 155 may provide read/write signals via the 
5 read/write channel 17 0 to read from the reference disk 125 or 
write to the servo-copy disks 120. The user interface 150 is 
also connected to the controller 155. While in Figure 4 the 
user interface 150 is also shown to be connected to the 
read/write channel, in another embodiment the user interface 
10 150 is connected only to the controller 155. The user 
interface 150 may also include buffer memory and control 
O circuitry which allows the servo track writer 100 to interface 

% with a system such as a personal computer. 

v i 

fi S 

Is' In one embodiment, the controller 155 is connected to a 

Z 15 spindle control circuit 175 to rotate the FDB Spindle and the 

#3' 

m chuck 115 attached thereto. The controller 155 may also be 

S coupled to a servo positioning control circuit 180 which 

provides a driving current to the VCM of the actuator 105. As 
previously discussed, the VCM provides a torque to rotate the 
20 actuator arms into a desired position. 

The controller 155 may be connected to a read-only memory 
(ROM) device 160 and a random-access memory (RAM) device 165. 
The memory devices 160 and 165 may contain instructions and 
data that are used by the controller 155 to perform software 
25 routines or for temporary storage of servo information to be 
copied to the servo-copy disks. One of the software routines 
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may be a seek routine which directs the read/write heads to 
move from one track to a target track. Another software 
routine may be a track following routine whereby servo 
information on a disk surface is read as a read/write head 110 
5 moves along a desired track on the disk. A Position Error 

Signal (PES) is generated using servo information read during 
the track following operation. The PES represents a 
measurement of the ideal tracking position for the read/write 
head 110 versus the actual position of the head. The track 
10 following routine may then interpret this signal and issue 
O proportional analog output to the actuator motor drive. 

Thereafter, the VCM may move the actuator so as to correct any 
error in the servo head position. This process is repeated in 
Ilj an iterative manner to enable the read/write head 110 to read 

ju 15 information from a given track in a precise manner. 



M 
111 



r 



Figure 5 depicts another embodiment of the arrangement of 
an offline servo track writer. In this embodiment, the servo 
positioning control circuit 180, pre-ampifier 185 and spindle 
control circuit 175 are part of computer 197. In addition, 
20 computer 197 may contain a clock generator circuit 190 used to 
interpret a clock signal provided by a timing pattern on the 
reference disk 12 5 and to provide a timing signal to the 
pattern generator circuit 195. The pattern generator circuit 
195 may then use the timing signal from the clock generator 
25 circuit 190 and the servo pattern from the reference disk 125 
to direct the R/W heads 110 to translate (copy) servo 
information onto the servo-copy disks 120. 
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Referring now to Figure 6, a process 200 for creating 
servo-copy disks, according to one embodiment, is shown. The 
process 200 begins with the preparation of the reference disk 
at block 205. As mentioned earlier, the reference disk 125 
may be generated using a traditional offline servo track 
writer, may be pre-encoded with a phase modulated servo 
pattern or may be encoded using another commonly known method. 
At block 210, the actuator 105 is retracted using slide-motion 
mechanism 13 0 and the chuck 115 is removed. The servo-copy 
disks 120 and reference disk 125 is then loaded onto the chuck 
115 at block 215. The chuck 115 is then positioned onto the 
FDB spindle 135 and the slide-motion mechanism 130 moves the 
actuator 105 and actuator arms 112 back into read/write 
position (blocks 220 and 225, respectively). 

The process 200 then proceeds by positioning the 
read/write head 110 associated with the reference disk 125 
over a desired track containing servo information (block 230) . 
In one embodiment, only a read head is associated with the 
reference disk 125. In another embodiment, the positioning is 
accomplished using servo software stored at memory devices 160 
and 165, and/or on a memory device attached to user interface 
150. Thereafter, the servo software directs the offline servo 
track writer 100 to track follow on the reference disk 125 
(block 235) . 

At block 240, the desired servo information is written to 
servo-copy disks 120. As discussed earlier, servo information 
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transferred to the servo-copy disks may be patterned to be 
consistent with an embedded servo sector system or may consist 
of servo information consistent with a dedicated servo system. 
Moreover, in one embodiment, the servo information is copied 

5 by sequentially reading from the reference disk 125 and then 
writing to the servo disks 120. In another embodiment, the 
servo information may be temporarily stored at ROM 160 and/or 
RAM 165 once it is read from the reference disk 125 and before 
it is written to the servo-copy disks 120. It should further 

10 be appreciated that the servo information may be copied in one 
read/write operation, or may be copied in successive 
read/write operations where a predetermined portion of the 
servo information is first read from the reference disk 125 
and then written to the servo-copy disks 120. 



H 15 At decision block 245, a determination is made as to 

M 

P whether all of the desired servo information has been copied 

5 to the servo-copy disks 120. If not, the process 200 repeats 

blocks 235-245. If so, the actuator 105 is retracted to 
enable the chuck 115 to be extracted (block 250). Thereafter, 
20 the servo-copy copy disks and the reference disk 125 may be 

removed from the chuck and incorporated into the disk stack of 
a hard disk drive assembly. In another embodiment, only the 
servo-copy disks 120 are removed, with the reference disks 125 
remaining in place. Where the reference disk 125 is to remain 
25 on the chuck, it should be the bottom disk to enable easier 
removal of the servo-disks 120 without the need to remove the 
reference disk 125. 
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Referring now to Figure 7 which shows one embodiment of a 
hard disk drive 310 containing a disk stack 312 that is 
rotated by a spin motor 314. The drive 310 may also include a 
transducer 316 located adjacent to a disk surface 318. In one 
embodiment, the disk stack 312 contains one servo-copy disk 
120. In another embodiment, the disk stack contains a 
plurality of servo-copy disks 120. Where the servo-copy disk 
120 is to be used in a dedicated servo system, only one servo- 
copy disk 12 0 need be incorporated into the disk stack. Where 
the servo-copy disk 120 is to be incorporated into an embedded 
sector servo system, all of the disks in the disk stack may be 
servo-copy disks 120. Alternatively, only one disk in the 
disk stack need be a servo-copy disk 120 where the servo 
information on the servo-copy disk 12 0 is to be transferred to 
the other disks in the disk stack after the hard disk drive is 
assembled. 

The transducer 316 can write and read information on a 
rotating disk on the disk stack 312 by magnetizing and sensing 
the magnetic field of a disk surface 318. Although a single 
transducer 316 is shown and described, it is to be understood 
that there may be a write transducer for magnetizing the disk 
312 and a separate read transducer for sensing the magnetic 
field of a disk surface 318. The read transducer may be 
constructed from a magneto-resistive (MR) material. 

The transducer 316 can be integrated into a slider 320. 
The slider 320 may be constructed to create an air bearing 
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between the transducer 316 and the disk surface 318. The 
slider 320 may be constructed to create an air bearing between 
the transducer 316 and the disk surface 318. The slider 320 
may be incorporated into a head gimbal assembly ("HGA") 322. 
The HGA 322 may be attached to an actuator arm 324 which has a 
voice coil 326. The voice coil 326 may be located adjacent to 
a magnet assembly 328 to define a VCM 330. Providing a 
current to the voice coil 326 will generate a torque that 
rotates the actuator arm 324 about a bearing assembly 332. 
Rotation of the actuator arm 324 will move the transducer 316 
across the disk surface 318. 



Jli The embodiments disclosed herein may be implemented as a 

ill 

method, apparatus, system, computer program product, etc. 
W when implemented in software, the elements are essentially the 

H 15 code segments to perform the necessary tasks. The program or 
code segments can be stored in a processor readable medium, 
which includes any medium that can store or transfer 
information. Examples of the processor readable medium 
include an electronic circuit, a semiconductor memory device, 
20 a ROM, a flash memory, an erasable ROM (EROM) , a floppy 
diskette, a CD-ROM, an optical disk, a hard disk, etc. 

While certain exemplary embodiments have been described 
and shown in the accompanying drawings, it is to be understood 
that such embodiments are merely illustrative of and not 
25 restrictive on the broad invention, and that this invention 
not be limited to the specific constructions and arrangements 
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shown and described, since various other modifications may 
occur to those ordinarily skilled in the art. 
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